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Dopa oxidase activity in mast cells has been
described in previous reports from this labora-
tory (1, 2). Because of the possibility that a
positive histochemical dopa oxidase reaction
can be produced by nonspecific enzymatic oxi-
dation of dopa via peroxidase or the cytochrome
system, histochemical dopa oxidase activity can-
not be assumed to indicate the presence of tyro-
sinase. Nevertheless, previous studies from this
laboratory utilizing acrylamide-gel electrophore-
sis (3), the histochemical tryosinase reaction
(using tyrosine substrate alone) (1), and the
autoradiographic-histochemical tryosinase reac-
tion (4) have suggested that the dopa oxidasc
activity in mast cells is related to the presence
of tyrosinase.
Tyrosine alone as substrate for the histo-
chemical demonstration of tyrosinase is useful
only in cells whose tyrosinase activity is al-
ready high (e.g., melanoma cells or hair bulb
melanocytes) or in which high levels have been
induced by irradiation. For example, in our
previous studies (1) ultraviolet-irradiated cells
in the upper dermis of lesions of human masto-
cytosis showed a positive histochemical tyrosi-
nase reaction, using tyrosine alone as sub-
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strate; adjacent sections stained with Giemsa
stain suggested that some of these positive cells
were mast cells. However, we have been unable
to demonstrate a positive histochemical tyro-
sinase reaction, using tyrosine alone as sub-
strate, in non-irradiated mast cells of canine
mastocytoma or human mastocytosis.
Many biochemical studies (5) have shown
that small amounts of dopa, on the basis of
enzyme activation, significantly shorten the in-
duction period in the enzymatic oxidation of
tyrosine. It is believed that this effect is based
on the reduction of copper in tyrosinase from
the divalent to the monovalent form (6).
This report describes (a) the histochemical
utilization of this principle in an improved
method for locating tyrosinase activity, and (b)
the application of this method to the investiga-
tion of tyrosinase activity in normal and neo-
plastic mast cells.
MATERIALS AND METHODS
Cryostat sections (4, 6 and 8 microns thick) were
studied from the following tissues: 1. tongues of
6 week old ACI/mai rats; 2. two spontaneous ca-
nine mastocytomas; 3. lesions from a case of
nodular human mastocytosis; 4. Harding-Passey
mouse melanomas.
Sections were incubated both with and without
15 minutes prefixation in 27% formalin at 370 C.
for 3 hours in the following solutions:
1. 0.1 M phosphate buffer, pH 7.4.
2. L-tyrosine, 20 mg% plus DL-dopa, 0.5 mg%,
1.0 mg% or 2.0 mg% in 0.1 M phosphate
buffer, pH 7.4.
3. DL-dopa, 0.5 mg%, 1.0 mg% or 2.0 mg% in
0.1 M phosphate buffer, pH 7.4.
4. The same solutions as described under 2
plus 10-s M sodium diethydithiocarbamate.
The tyrosine-dopa and corresponding control
dopa incubations were carried out in all instances
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TABLE I
Tyrosine-dopa reactions in tissues studied
Incubation time: 3 hours
pH = 7.4: Counterstain: astrablau 0.5%, in HC1, pH = 0.2
0.1M phosphate buffer
L-tyrosine 20 mg % DL- dopa
x mg % in 0.1 M phosphate
buffer
DL- dopa, x sng % in 0.1 M
phosphate buffer
Sodium diethyldi-
thiocarbamate 10-i
M, L-tyr. 20 mg
% DL- dopa, a
mg % in 0.1 M
phos. buffer
Canine masto- Occasional cells with Many mast cells in Traces cf induced No induced
cytoma I preformed pigment
in tumor
tumor and some
epidermal melano-
cytes with induced
pigment
pigment in rare
cells in tumor
pigment
Canine masto- No cells with pre- Moderate number of Traces of induced No induced
cytoma II formed pigment in
tumor
mast cells in tumor
with induced pig-
ment
pigment in rare
cells in tumor
pigment
Human masto- Some cells with pre- Many mast cells in Traces of induced No induced
cytosis formed pigment
in upper dermis.
Much preformed
pigment in epi-
dermis
lesion with induced
pigment
pigment in occa-
sional cells of
lesion
pigment
Normal rat No preformed pig- Scattered mast cells Traces of induced No induced
tongue noted in sections in connective tis-
sue with induced
pigment
pigment in rare
cells
pigment
Harding-Passey Moderate number of Many cells in tumor Rare cells in tumor No induced
melanoma cells with pre-
formed pigment in
some sections
with induced pig-
ment
with traces of in-
duced pigment
pigment
* x (amount of DL- dopa in mg %) = 2.0 (Canine mastocytomas). 1.0 (Harding-Passey melanoma;
Normal rat tongue). 0.5 (Human mastocytosis).
on adjacent pairs of sections. Some sections were
incubated in similar solutions at pH 6.8 rather
than at pH 7.4. Others were incubated under the
conditions described above after prefixation in 15%
formol-calcium rather than 27% formalin.
Representative sections in each category were
pretreated with hydrochloric acid (pH 1.0) for 15
minutes and some were pretreated with heat
(100° C) for 15 minutes.
Representative sections in each category were
also counterstained with 0.5% astrablau in hydro-
chloric acid, pH 02 (astrablau is a copper phthalo-
cyanin dye similar to alcian blue (7)) or with
Wright-Giemsa stain.
All incubation solutions were prepared freshly
before each experiment with commercial distilled
spring water and were mixed in disposable plastic
laboratory ware.
RE SULTS
With astrablau stain, sections of rat
tongue, human mastocytosis lesions, and canine
mastocytomas showed numerous cells contain-
ing granules staining blue with astrablau.
These cells were considered to be mast cells
(7). Corresponding sections exposed to Wright-
Giemsa stain showed cells with metachromatic
cytoplasmic granules, having the same appear-
ance and distribution as the cells with the blue
granules described above. Sections prefixed in
formalin showed less disruption of the mast
cells than was seen in the fresh-frozen sections.
Following astrablau stain no cells with blue
cytoplasmic granules were observed in the sec-
tions of Harding-Passey melanoma or in the
epidermis overlying the human and canine
mast cell lesions.
Unstained control sections showed moderate
amounts of yellowish-brown preformed pig-
ment, regarded as melanin, in the sections of
Harding-Passey melanoma and small amounts
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in one of the canine mastocytomas. In addition,
the upper dermis in sections of human masto-
cytosis contained cells with similar preformed
pigment. Sections of normal rat tongue showed
no preformed pigment.
After incubation in the tyrosine-dopa solu-
tions, sections of all the tissues studied showed
varying numbers of cells containing induced
grayish brown to black pigment, indicative of a
positive tyosine-dopa reaction (Figs. 1, 2). This
pigment was easily distinguished from the pre-
formed pigment described above by its color
and distribution when compared with the con-
trol sections. In the rat tongue cells showing a
positive tyrosine-dopa reaction were scattered
throughout the connective tissue (Fig. 3). In
the canine mastocytomas tyrosine-dopa positive
cells were present in larger numbers scattered
throughout the tumors. In one of the canine
mastocytomas there were, in addition, tyrosine-
dopa positive basal melanocytes in the overly-
ing epidermis. The sections of human masto-
cytosis lesions also contained many positive cells
in the area of the infiltrate. Similarly, there
were many positive tumor cells in the sections
of Harding-Passey melanoma.
Examination of adjacent sections incubated
in corresponding amounts of dopa alone, re-
vealed in all tissues studied, unequivocally less
reaction than the sections incubated in tyrosine-
dopa solutions. The optimal ratio of tyrosine to
dopa for maximum disparity, consisting of
distinct positivity in the tyrosine-dopa sections
and almost no reaction in the control dopa sec-
tions, varied from one tissue to another. With
the canine mastocytomas it was 20 mg%:2
mg%; with rat tongue and mouse melanoma it
was 20 mg%: 1 mg%; with lesions of human
mastocytosis it was 20 mg9:0.5 mg% (Figs. 1,
2).
Formalin prefixation had no significant ef-
feet on the intensity of the tyrosine-dopa re-
action. However, the reaction was abolished
in all instances by the addition of 10 M so-
dium diethyldithiocarbamate to the tyrosine-
dopa solutions; the reaction was also abolished
in all instances in sections pretreated with heat
or acid.
The intensity of the tyrosine-dopa reaction
carried out at pH 6.8 in fresh-frozen sections
did not significantly differ from that of the re-
actions carried out at pH 7.4; however, for-
malin-fixed sections incubated in tyrosine-dopa
solution at pH 6.8 required a longer incubation
time than 3 hours before a reaction comparable
to that observed at pH 7.4 was reached.
Astrablau counterstain of the sections of nor-
mal rat tongue and of the canine and human
mast cell lesions, after incubation in tyrosine-
dopa solutions, showed scattered cells with foci
of induced pigment; these cells were identifiable
as mast cells by the presence of blue granules
in the non-reactive parts of their cytoplasm
(Fig. 3). In addition, there were some cells in
which the cytoplasm was completely filled with
induced pigment; most of these cells were also
likely to be mast cells because of their close re-
semblance in size and structure to adjacent
non-reactive mast cells. Frequently the induced
pigment in mast cells was limited to the pen-
nuclear area (Fig. 3); in other instances, par-
ticularly in the mast cells of human mastocy-
tosis, most of the cytoplasmic granules appeared
to contain induced pigment.
DISCUSSION
The results of this study indicate that small
amounts of dopa can be added to tyrosine sub-
strate as an activator to provide a sensitive,
rapid, reproducible and specific method for de-
tecting tyrosinase activity. Selection of optimal
tyrosine-dopa ratio and reaction time results in
sufficient disparity between the amount of pig-
ment induced by tyrosine-dopa incubation and
the amount of pigment induced by correspond-
ing amounts of dopa alone, to clearly infer tyro-
sine utilization in the pigment formation.
The utilization of tyrosine to form pigment,
the activating effect of dopa on this reaction,
the resistance of the reaction to formalin pre-
fixation, and the supression of the reaction by
the copper chelator, sodium diethyldithiocarba-
mate (at 10' M concentration), are charac-
teristics of tyrosinase and are not possessed
by any other known mammalian oxidase, The
inhibitory effects of heat and acidity rule out
autooxidation.
The cytochrome system can oxidize dopa,
but not tyrosine, and its action is inhibited
completely by formalin fixation (8). Peroxi-
dase is resistant to formalin fixation, but whether
or not mammalian peroxidase can oxidize tyro-
sine is open to question. Mason (9) showed
that plant peroxidase can act oxidatically to-
wards tyrosine, but Agner (10) was unable to
demonstrate peroxidatic oxidation of tyrosine
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Fio. 1. a) Section of amelanotic area of Harding-Passey melanoma incubated in 20
mg% tyrosine plus 1 mg% dopa at pH 7.4 for 3 hours shows many cells with induced pig-
ment. b) Same field of adjacent section incubated in 1.0 mg dopa alone shows no cells with
induced pigment. No counterstain.)< 193.
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Fie. 2. a) Section of human mastocytosis lesion incubated in 20 mg% tyrosine plus 0.5
mg dopa at pH 7.4 for 3 hours shows many cells with induced pigment. b) Same field of
adjacent section incubated in 0.& mg% dopa alone shows rare cells with traces of induced
pigment. No counterstain. X 136.
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Pie. 3. Section of rat tongue incubated in 20 mg% tyrosine plus 1.0 mg% dopa for 3
hours at pH 7.4, counterstained with 0.5% astrablau in 1101, pH 02, shows an elongated
mast cell whose granules have accepted the stain. The granules in the perinuclear area show
an intense tyrosine-dopa reaction. Partially reacting cells of this type established the fact
that some mast cells are tyrosinase-positive. >< 090.
by mammalian peroxidasc (verdoperoxidase).
Since mammalian peroxidasc is resistant to
10-a M sodium diethyldithiocarbamate (11), it
can be concluded that the oxidation of tyrosine
to pigment described in this report were not
mediated by this enzyme. Tyrosine hydroxyl-
ase, an iron-containing enzyme, mediates the
conversion of tyrosine to dopa, hut its role in
the observed tyrosine-dopa reactions is doubt-
ful since tyrosine hydroxylase is not inhibited
by 10-a M sodium diethyldithiocarbamate (12).
Additional confirmation of the validity of the
tyrosine-dopa histoehemical method for tyro-
sinase is the positive reaction observed both in
basal melanoeytes and in tumor cells of Hard-
ing-Passey Melanoma.
The histoehemieal tyrosine-dopa method for
tyrosinase has greater specificity than the dopa
oxidase method; it is more rapid, more repro-
ducible and more sensitive than the method
using tyrosine alone as substrate; it is simpler,
more direct and more rapid than the auto-
radiographie-histoehemieal method.
Astrablau in acid solution was selected as a
eounterstain for two reasons: a) Bloom and
Kelly (7) have shown that this dye has a spe-
cific affinity for sulfated acid mueopolysae-
charides at very acid pH levels and therefore is
a relatively specific stain for mast cells, and
b) the color of this dye does not obscure the
presence of induced pigment as much as color of
the metaehromatie dyes.
The utilization of tyrosine by mast cells to
form pigment in the presence of small amounts
of dopa is substantial additional evidence for the
presence of tyrosinase in these cells. The source
of the tyrosinase in mast cells remains to be
fully established. Several possibilities may be
considered: a) the mast cell may synthesize
tyrosinase; b) the mast cell may contain phago-
eytized melanosomes or premelanosomes with
active tyrosinase; e) mast cells may incorporate
tyresinase from the surrounding medium.
Absence of melanin granules (visible with the
light microscope) in areas containing the tyro-
sine-dopa positive mast cells as well as prelimi-
nary electron microscopic observations of rat
tongue and the lesions of urtieario pigmentosa
used in this study do not support the probability
that the observed tyrosinase reaction in mast
cells was due to the presence of phagoeytized
melanosomes or premelanosomes (11). In the
normal rat tongue no cells having the ultrastrue-
tural morphology of melanoeytes were observed
I 
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in the connective tissue stroma. In addition, no
mast cells were observed containing melanosomes
or premelanosomes.
With ultrastructural observation, the tumor
areas of nodular human mastocytosis contain-
ing tyrosine-dopa positive mast cells showed
neither melanocytes nor mast cells with pre-
mela.nosomes or melanosomes in the areas stud-
ied.
Incorporation of soluble tyrosinase into the
mast cells can be excluded since there is normally
no tyrosinase level in the intercellular fluid (13).
It appears likely that mast cells synthesize
tyrosinase, particularly in view of recent experi-
ments in our laboratory showing tyrosiriase ac-
tivity in virtually 100% of rat peritoneal mast
cells after physical injury (14).
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